Objective: To determine the prevalence and determinants of visual impairment in Canada. Design: Cross-sectional population-based study. Participants: 30,097 people in the Comprehensive Cohort of the Canadian Longitudinal Study on Aging Methods: Inclusion criteria included being between the ages of 45 and 85 years old, community-dwelling, and living near one of the 11 data collection sites across 7 Canadian provinces. People were excluded if they were in an institution, living on a First Nations reserve, were a full-time member of the Canadian Armed Forces, did not speak French or English, or had cognitive impairment. Visual acuity was measured using the Early Treatment Diabetic Retinopathy Study (ETDRS) chart while participants wore their usual prescription for distance, if any. Visual impairment was defined as presenting binocular acuity worse than 20/40. Results: Of Canadian adults, 5.7% (95% CI 5.4-6.0) had visual impairment. A wide variation in the provincial prevalence of visual impairment was observed ranging from a low of 2.4% (95% CI 2.0-3.0) in Manitoba to a high of 10.9% (95% CI 9.6-12. Despite the high prevalence of visual impairment in older age as demonstrated in previous research throughout the world, 1,2 Canada lacks high-quality data on the prevalence of visual impairment. Previous Canadian studies have had limitations, including extrapolating U.S. rates to the Canadian population, 3,4 relying on self-report of visual impairment, 5, 6 or sampling people or patients from a single city. 7, 8 First, relying on U.S. rates may not give an accurate picture of the burden of visual impairment in Canada given the differences between the 2 countries in health care systems, educational systems, ethnic backgrounds, and other factors that may affect vision. 9, 10 Second, the self-report of visual impairment can result in substantial misclassification that can vary by demographic factors, such as age, sex, and education. Third, results from people from a single city may not be generalizable to the Canadian population, and sampling eye care patients ignores people with visual impairment who have not yet sought treatment. Given these limitations, there is a pressing need for data on visual impairment from a population-based sample from sites across Canada.
Despite the high prevalence of visual impairment in older age as demonstrated in previous research throughout the world, 1, 2 Canada lacks high-quality data on the prevalence of visual impairment. Previous Canadian studies have had limitations, including extrapolating U.S. rates to the Canadian population, 3, 4 relying on self-report of visual impairment, 5, 6 or sampling people or patients from a single city. 7, 8 First, relying on U.S. rates may not give an accurate picture of the burden of visual impairment in Canada given the differences between the 2 countries in health care systems, educational systems, ethnic backgrounds, and other factors that may affect vision. 9, 10 Second, the self-report of visual impairment can result in substantial misclassification that can vary by demographic factors, such as age, sex, and education. Third, results from people from a single city may not be generalizable to the Canadian population, and sampling eye care patients ignores people with visual impairment who have not yet sought treatment. Given these limitations, there is a pressing need for data on visual impairment from a population-based sample from sites across Canada.
Cross-sectional data collected as part of the Canadian Longitudinal Study on Aging (CLSA) offer an unparalleled opportunity to examine the frequency of vision loss throughout Canada. 11 Our objective is to report the prevalence of visual impairment and its determinants. These data will provide essential information to allow eye care professionals, health policy planners, and low vision rehabilitation providers to more adequately prepare for the needs of the aging population and identify groups in need of intervention.
METHODS Study Population
The 30 097 adults in the CLSA Comprehensive study were randomly selected and had to meet the following inclusion criteria: aged between 45 and 85 years and living within 25-50 km of the 11 data collection sites (Victoria, Vancouver, Surrey, Calgary, Winnipeg, Hamilton, Ottawa, Montreal, Sherbrooke, Halifax, and St. John's) in 7 Canadian provinces. To try to ensure maximum retention and follow-up in this longitudinal study, people were excluded from the CLSA if they were in an institution, were living on a First Nations reserve or settlement, were a full-time member of the Canadian Armed Forces, did not speak French or English, or had overt cognitive impairment as determined by trained interviewers. A face-to-face interviewer-administered questionnaire was administered to patients and a physical assessment was conducted at the data collection site. Baseline recruitment was between the years 2012 and 2015. The project was approved by research ethics boards in 7 different provinces. Research followed the tenets of the Declaration of Helsinki. Written informed consent was obtained from all participants.
Study Design
The participants in the CLSA Comprehensive cohort were sampled using a combination of provincial health registries (14%) and random digit dialling (86%). For those recruited using provincial health registries, a letter was sent to the randomly chosen, age-eligible person, introducing the study and providing a consent form to be returned to the CLSA. For those recruited through random digit dialling, a random sample of landline telephone numbers was selected for a given geographic area. Once a call was answered, eligibility was established and consent was obtained. Stratified sampling was used to ensure adequate representation of various demographic groups. Strata within a province were defined by age group, sex, and distance from the data collection sites. 12 
Data Collection
All CLSA personnel underwent detailed training in all aspects of data collection. The training was standardized across all data collection sites. Data were collected at the data collection site.
Visual Acuity. During each participant's data collection site visit, visual acuity was evaluated by a trained assessor. Acuity was measured with the participant wearing prescribed glasses or contact lenses for distance vision, if any, both monocularly (right eye followed by left eye) and then binocularly using the Early Treatment of Diabetic Retinopathy Study (ETDRS) letter chart and its standard protocol. 13 The test distance was 2 meters. Acuity was scored as the total number of letters read correctly and then converted to logMAR units. Acuity measurements were also made with pinhole correction. Our primary outcome was visual impairment, which was defined as binocular acuity worse than 20/40 (0.301 logMAR) with the participant wearing prescribed glasses or contact lenses for distance vision, if any, as is standard in North America.
14 Self-Reported Eye Disease and Corrective Lens Utilization.
Self-reported eye diseases and corrective lens utilization were assessed using an interviewer-administered questionnaire at the data collection site. Participants were asked if they had ever been told by a doctor that they had glaucoma, cataract, or macular degeneration. People who reported having been told that they had a cataract were then asked if they currently had a cataract. Those who said no were assumed to have had it removed. Participants were classified as using corrective lenses (wearing contact lenses or glasses) if they answered "yes" to either or both: "Do you wear glasses?" and "Do you wear contact lenses?" No additional information was collected to differentiate whether the glasses were prescriptive lenses or whether they were ready-made reading glasses.
Demographic, Health, and Lifestyle Data. Data on demographic variables (age, sex, race/cultural group, education, household income, urban vs rural residence), health conditions (diabetes and memory problems), and lifestyle (smoking status) were obtained as part of the intervieweradministered questionnaire. Household income was assessed by asking, "What is your best estimate of the total household income received by all household members, from all sources, before taxes and deductions, in the past 12 months?" Participants were classified as having diabetes if they answered "yes" to "Has a doctor ever told you that you have diabetes, borderline diabetes or that your blood sugar is high?" They were then further classified as having type 1 or type 2 diabetes based on self-report. Memory problems were determined using the following question: "Has a doctor ever told you that you have a memory problem?" Participants were classified as having memory problems if they responded "yes." A former smoker was defined as someone who has smoked at least 100 cigarettes in life but who has not smoked in the last 30 days. A current smoker has smoked a cigarette in the last 30 days.
Statistical Analysis
The primary outcome for this paper is the prevalence of binocular visual impairment. Associations between demographic, lifestyle, and health variables with visual impairment were tested in preliminary analyses using χ 2 tests. Logistic regression was used to determine the adjusted relationships between these variables and visual impairment. We included the following variables as possible covariates due to prior research [14] [15] [16] [17] : age, sex, ethnicity, education, income, rural residence, smoking, diabetes, and memory problems. The complex survey design was accounted for in all analyses by using the primary sampling unit, sample weight, and strata variables within the SVY commands in STATA Version 11 (College Station, Tex.). Age standardization of the primary outcome was done by direct age adjustment in which age-stratified rates were applied to a standard population (arbitrarily picked as Alberta). Crude rates were presented for all other outcomes. Estimates of the numbers of Canadians aged 45-85 years affected by visual impairment were calculated using data from the 2011 Canadian Census. 18 
RESULTS
Our analysis sample consisted of 29 666 people after excluding 431 people who were missing data for binocular visual acuity (1.4%). Those missing data on visual acuity were 2 years older, on average. The overall crude prevalence of visual impairment was 5.7% (95% CI 5.4-6.0), whereas the age-standardized rate was 6.0%. There was heterogeneity in the rates of visual impairment by province as Manitoba, Quebec, and Ontario all had rates under 4%, whereas Nova Scotia, Alberta, British Columbia, and Newfoundland and Labrador all had rates over 6.5% (Table 1) .
As shown in Figure 1 , between 64% and 80% of visual impairment was due to refractive error as can be seen by comparing the better eye rate of visual impairment while wearing usual correction to the better eye pinhole corrected rate of visual impairment, wherein the latter removes refractive error. Middle-aged participants with visual impairment were more likely to be affected by refractive error than older participants. As shown in Table 2 , 86.1% of respondents reported wearing glasses or contact lenses, 5.6% reported a diagnosis of cataract currently in the eye, 3.9% reported a diagnosis of glaucoma, and 3.2% reported a diagnosis of macular degeneration.
In Table 3 , demographic risk factors for visual impairment are presented. The prevalence of visual impairment increased substantially with age ranging from 2.7% in those 45-54 years old to 15.6% in those 75-84 years old. Women, those with less education, those living in urban or semi-urban areas, and those with lower income had higher rates of visual impairment in unadjusted analyses (p o 0.05). There was no significant difference by race/cultural group although rates ranged from a low of 3.7% in black participants to a high of 6.5% in Aboriginal participants and 8.0% in participants of other races than those listed. In Table 4 , lifestyle and health factors and their relationship to visual impairment are shown. Former or current smokers, those with high blood pressure, those with type 1 or type 2 diabetes, and those with memory problems were more likely to have visual impairment (p o 0.05).
In Table 5 , demographic, lifestyle, and health variables are included in a logistic regression model. Education was dropped from the model for 2 reasons: (i), it was correlated with income, and (ii), it was not significant with income in the model. Race/cultural group was also dropped from the model due to its lack of statistical significance. The lower the household income, the higher the odds of having visual impairment. In particular, those making less than $20 000 per year had 2.07 times the odds of visual impairment compared to those making $100 000 or more per year (95% CI The numbers of middle-aged and older adults estimated to be affected by visual impairment by province are shown in Table 6 . The numbers range from 11 570 people in Manitoba to 191 094 people in Ontario.
DISCUSSION
In a large population-based sample of 29 666 Canadians aged 45-85 years, we found that the overall crude prevalence of visual impairment was 5.7%, ranging from 2.7% in those aged 45-54 years to 15.6% in those aged 75-85 years. Of the 7 provinces from which we had data, the rate of visual impairment was lower in Manitoba, Quebec, and Ontario (2.4%-3.5%), whereas it was higher in Nova Scotia, Alberta, British Columbia, and Newfoundland and Labrador (6.9%-10.9%). The risk factors for visual impairment included older age, lower income, current smoking, diabetes, and memory problems.
The primary cause of visual impairment was not determined by an eye care professional in the CLSA. However, it is clear from comparing the rate of visual impairment with and without pinhole correction (which removes most refractive error) that, as in other studies, refractive error is the leading cause of visual impairment in the CLSA data. 19 Refractive error is an easily correctable cause of visual impairment. Changes in refraction can occur in middle age due to cataract surgery, cataract itself, or presbyopia, which primarily affects near vision, which was not assessed. Cataract, glaucoma, and macular degeneration were also reported by 2%-7% of the population.
Prior population-based research in Canada done in the city of Brantford, Ontario, found that 2.7% of adults aged 40 years and older had visual impairment. 7 This is consistent with our rate for the 2 cities in the province of Ontario (Hamilton and Ottawa), which was 3.5%. Our overall rate of 5.7% compares well with other U.S. and Australian data. 2, 19 For example, Vitale et al. found that 6.4% of Americans had visual impairment, 19 whereas Taylor et al. found that 4% of Australians had visual impairment. 2 However, we did see great heterogeneity in the rates of visual impairment by province ranging from a low of 2.4% in Manitoba to a high of 10.9% in Newfoundland and Labrador. These differences remained after adjustment for demographic, lifestyle, and health factors. The reason for these provincial differences is unclear. Differing provincial eye care coverage policies may explain some of this variation. For example, Newfoundland and Labrador, which had the highest rate of visual impairment, is one of the few Canadian provinces to not pay for a routine eye examination for seniors, 20 an examination that is recommended at least every 2 years by the Canadian Ophthalmological Society. 21 Indeed, prior research found that Newfoundland and Labrador had the lowest rate of eye care utilization in Canada. 22 Manitoba, which had the lowest rate of visual impairment, covers not only an eye examination every 2 years for seniors, but also Table 2 -Prevalence rate of corrective lens usage and self-reported eye disease by province. at least part of the cost of eyeglasses for seniors and for visual field, tonometry, and dilated fundus examinations performed by an optometrist. 23 Interprovincial differences in the number of eye care professionals could also affect the rates of visual impairment. However, prior research did not indicate an obvious shortage of eye care professionals in any province. 24 Several risk factors were related to visual impairment. Lower personal income was linearly related to the prevalence of visual impairment, which is consistent with prior research. [25] [26] [27] People may delay getting appropriate eye care in the absence of adequate income or insurance. Smoking was also related to visual impairment and is a known risk factor for cataract and age-related macular degeneration. 16, 17 People with diabetes were more likely to have visual impairment, likely due to the damage that high glycemic levels cause to the retina, resulting in diabetic retinopathy. It is recommended that people with diabetes see an eye care provider at least every 1-3 years, depending on their age. 21 Finally, memory problems were associated with visual impairment. People with obvious cognitive impairment were excluded at recruitment. However, some participants reported a diagnosis of a memory problem. A small proportion (10%) of this group with memory problems reported a diagnosis of dementia or Alzheimer's disease. The causes of the other 90% are assumed to be a variety of factors, including mild cognitive impairment, medication side effects, and blood flow problems. Prior research has demonstrated a relationship between visual impairment and cognitive impairment although the reason for this relationship is unclear. 15, 28, 29 Female sex was not related to visual impairment after adjustment in our study. This is consistent with other studies that were done using presenting visual acuity. 7, 19 By contrast, women are sometimes more likely to have visual impairment than men if best-corrected visual acuity is used. 1 The main strength of this work is that this is the first national population-based assessment of visual impairment in Canada using a visual acuity chart. There are a few limitations of this work. The cross-sectional nature of the data precludes our ability to determine the temporality of the risk factors and the onset of visual impairment. Some of the data used in the analysis were based on self-report such as the data on eye disease, demographic, lifestyle, and health factors. This could have led to misclassification although we suspect that it would have been Prevalence and determinants of visual impairment in Canada-Aljied et al.
nondifferential with regard to visual impairment status and thus would have diluted our results. We did not have data from outside of the areas around the 11 data collection sites, particularly the far north where access to eye care may be more of a challenge. In addition, our exclusion criteria excluded those in institutions, those not speaking French or English, those living on a First Nations reserve, those in the military, and those with overt cognitive impairment. Also, those recruited by random digit dialling required a landline phone, although it was estimated by Statistics Canada that only 5% of people in this age range did not have a landline telephone in 2010. Therefore, generalizability of our results to other parts of Canada (more remote areas and excluded provinces) and to groups other than those studied is unknown. Also, a small percentage (1.4%) of the sample was missing data on visual acuity. These individuals were 2 years older, on average, indicating that our prevalence estimates may be somewhat underestimated because visual impairment is so strongly related to age. Furthermore, the test distance of the ETDRS chart was 2 meters rather than the standard 4 meters, which due to accommodative difficulties for some people may have led to a slight overestimation of visual impairment. To conclude, visual impairment is a significant problem in Canada, especially among older adults. These data can be used by health policy planners, low vision rehabilitation providers, and eye care professionals to plan for the future eye care needs of Canada's aging population. Provinces with higher prevalence rates of visual impairment should consider ways to lower these rates. Concerted national efforts are needed to reduce refractive errors, increase access to regular eye care and smoking cessation programs, and to ensure that diabetics are educated about their eye care needs and have access to routine eye fundus examinations.
